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1. IN’I”l<C)IJIJCYI’IC)N

‘1’lK lkcp  Spm Ndwo]k  (l>SN) [6] Was
C.stal)lislwl ill 1958 alId sitm [tml i t  IIas
e v o l v e . d  it](() (}Ic.  laIp,c.s(  alI(l  lIIos( sc]isilivc

scictlliflc Iclc.col[llli  (]tlicatic)lls all(l radio
Ilavijytiot]  rw.  twolk ill tlw  woIld. ‘1 Ilc
l)UIIK)SC  of tllc l)SN is to su]qm(  ulq]ilotd
itllc.lj)larmlmy S1 mccm aft ]nissions all(i
SU])])OI  ( [ad io al Id radar astlolml)y
OINC.I vatiwls ill (t m c.x]doI  dim] of tile. solar
sys[cIII alI(l (IIQ, ~lllivc,lse,. “1 ‘Im.rc al c tlII cc
(Icq ) SJEKW cort)lllll~ticatiol]s Cmlpk’xc.s,
l o c a t e d  ill (;alllml-ta,  A u s t r a l i a ,  Madiid,
S]miri, alId (ioldstollc, ~~alifcm]ia. 1 kll
1 )SN co]n])]c.x  OJ)CId C.S foul  dCQJ) S~)WC
s[atiorls - -  OIIC ‘/() -I IIcWd atltc.lllla, two 34-
IIMC.I arltcllllas, a[d  OIIC. ?6-IIKW1 ante.nna.
‘ J i m  functions  of ttlc. l)SN arr. [o Itrc.ivc
(dc.]IIcl  Iy si~,tlals  fIolIl sj)acxm aft,  translnit
cotIIIIIaIIds  II)at coIIt Iol ttlc. S~WCCIZtf[

o]m atillg Illoks, fyxma[c  tl]c. lac{io
Ilavir,atioll  data used (o locate. aIId f,uidc ttlc
sj)accxxafl [0 its dcs[illation,  atd acquilc.  fli~ll(
t adio scic.lm., I  adio aIKi I adw astl mmmy,
vcIy loIIfI, lmsclit)c.  illtmfclo]llc.[1  y (VJ .}11),
ald ~,c.odylmll~ics  lIlc:IsllIc IIIc.IIts.

I; IOIII its illcq)tio]l (IIC IJSN lIas bccx] dlivcl]
b y  tllc. IKX(I t o c]cak  irmc. asit]~ly  Inolc
sc.llsitivc.  [clcrc)ljlll]tlr)  icatic)lls  (ic.vicc,s  and
twltc.I  tc~ll]liqllc.s  fol ljavi~lfitio]l. ‘1’l)c.
oi~Iat  ioIl o f  tlm 1 )SN cc)]l~[]ltltli(;atiolls
co] IIl)lc.xc.s Icquitc a l]if,l;  level of II Ial Iual
it]tc.lactio  Il wit]] tllc dcviccs ill (Ilc
cc)lllilltl[licatic~[ls  li[lk with tllc. s}wxxual’t.  II]

‘1’llis w,mk  was  pC.I 10 II IIC.d by IIIC ](.1 l’lqmlsiol)  1 ,abmatory,  (’alifot[tia  ]llslil~tlc of “1’ccIIIIoIopy,  UIMIC,I coIIIIdc[ wilt}

(IIc. Na[io]ial  Acrmautics  and Slmx  A(llllir]istrti[iol(.
1 (Iu]lc[lt  add Ic.ss: l) C[mIIIIICIII  of C!cIIIIj)Ulc.I SC iuwc, LInivcrsi[y  of “1’caa<,  Aus(ill,  ‘l’X, cs(lirl@Jcs.l]tcxas,  cclLl
] (’urlulll add Ic.ss: }<ockwc.11 Scicli(.c. (kIIICI:  l’~lo AIIo, (’A, [Il~i(~~[[)iil I(KkWI{ll.  CO III
i (’UIICIII ad(l Icss:  11 S(’/1S1, Nfi:ilirlfi 1 )c1 I<{y, (’A,  tl]ll(CJisi.c{lu



II IOIC IC(’CIII  II IIICS  NASA  tl;ls :~(l(i(.(i  SOIIIC

llr\\’  Icqull[ql]cllls  to [lIC (lr\Jclol)lllcll(  01 111(’

l)SN: ( I  )  ICCILICC  IIIC cOS[  o f  ol)c[a[ill[l,  [I]c
I)SN, (2) il)ll)lovc.  (Iw ol)clal)ili[y, [~:liat)ili{y,
:it](i [Il;lit)(:iil):it)ili[y  o f ”  (lie I),SN, at]({ ( 3 )
[)Ic}):\IL.  lot :1 [IC\V c[:i o f ”  Sl)iICC cxl)lolalioil
wittl [tic Nrw h4illml[liulll  lnof:I;II II: sulqmI(
Slll;ill,  il)lc.llip,c.tll  sl):iccclafl  Ic(jui[ illp,  vc.ly
(cur Il)issiol) ol)c.la{io[ls”  pc.IsoIIIIc.l.

‘1’llis l)al)e[ ({MCI  il)cs l)cc~) Sl)aCc. Nc.IwOI k
AI IICIII~a  oj)rl:i[io[ls”  l’liIIIIICI ( 1 ) 1 ’ 1  ,AN)
wl)icll :iulo]llalic:illy  [:c.IIc I:ilcs I)lalls fol
i[l(livi(lua]  tIwks I)asc(l 0 1 1  [IIC IC(l IICSIC(I

srl\Jiucs  aII(l  c(luil)ltlctl(  alloc:i(iof).” ‘IIK
1)1’I,AN sys[c]]] i s  ortc CIC]IWII( o f  a  f’al
1(’:wlli[lf’, c. fl”oil (() u1)[I,I:I(Ic :if)(l  aulo]lui(c
ol)r!:ltiotls”  01’(l)r I)SN ill ol(lcr  (() :icllicvc  IIIC
Itl[(>c hlASA {I,odS ]I)c.li[iot)c(l  ill IItc l:iil
]Ml:i[:la])ll.  wr. Sllm’ssfll]ly  (l(’1llO1ls(l: {((’(1  a
])io(oly])cofl~w  1)1’I,AN  SYS(CII1 ill }“C[)lU:lly
199S :[[ NASA’s cxl)uilllclltal  I)SN slalioll,
1) SS - 13 [ 12,1 3], OII :i sc.lies of Voy:III,cI
II:i(’ks al)(l  C. ffol(s alc cll[lcll(ly  llll(lcl  way t o
illsrl [ [11(’ lccllllolof,ics lISC(I ill ‘Il)is

(Ic.[l)orts[la[ic)ll  ill(() (IIC ol)~.[fi[iorliil”  l)SN.

‘1’llis l)alwt i s  olf,allimd ill II)c followit)jr,”
Illdl)l)cl.  WC l)c.[l,ill  l)y l)[ovi(lili~,  arl ovcl  \/icw
o f  llo\v  (I]c IJSN o])c.I~tc.s.  Nc.x[ WC.  (Icscl]l)c

all alcllilc.ctu[c, foI au(oll)atill[: IXN
ol)waliolls”  -- we. ~,ivc. a fullcliol)al  (Ic.scvij)(iml
o f  cad) of II)c colilj)()])cl][s,  wtlicl) il)clll(lr.s
tt)c. ] Mim]d A c c e s s  NcIwo] k Sct]c.dulc.[
( ]  )ANS) SyS[C.11) foI :Illlolll:ilc.(1  IC’solll  (’c
allocalio])”  [5], 1)1’1.AN [8][ 14], aII auIOIIIaIc(l
j) IocrciIIIc  ~,cllc.la(ioll  systcIII,  aII(i  Nh4(; , a
1)1:111 cxccu(ioll al](l ll)olli(orill{’,”  sys(cl)).  III
a(l(lilior} wc j)lovi(lc.  cxa[ill)lcs  o f  IIIC ill})ll(s
Nl(l  0 1 1 1 ]  )11[s (() Cacll of 111(’ COIII])OIICIIIS”  [()
il]uslld(c  \Vlldl  OCCIIIS  iil C:lcll  SIC] I ill (]Ic.
{Nomss o f  INN ol)cia[iotls.”  Nc.xt, ii’ c
(Icsc{il)c  {Ilc. 1)1’1 ,AN systc]l];  (Icsclit)il){l,: ( 1 )
Illc Ilack ])1:{1] ~l,ctlctalioll  l)IolIlclII; (2)

alliflcial illtrlli[],cllcc.  t)iclal~.lli(al  Iask llc.(wolk
(1 lrl’N) :IIId ol)c.I:ItoI-l):Isc(l” j)l:~[]ill[[; (3) IIIC
])]’] ,AN SYSICIII; atd (~) [III (’X:IIII])]C  ()~’
ol)c.la(iol), l;illdlly, wc dc.scl itw cllrlcl]t
cf!()[[s  10 (Icj)loy  [Ilc IJ1’1 ,AN systct])  it] (IIc.
oj)c.l:t[iotla]”  IJSN al](l iilcas of CU; IC.111  woI  k.

). llo\% ‘I’1 11: I)SN 01’ I; RA’1’I:S

Voy:IfT,cI I is (t~lisi[lj), at 1’/.5 kilo[l)clcls l)CI
sc(’olld IO W:II(I  IIlc. O1l((’.  [ C.(IF,L’  o f  IIlc Solnl
Systclll. ‘1’tlou~:t)  ils OII[)WII(l  sys[cllis  NC
Illos[ly a$lcq) (Iulill[:  Illis l)liasr of ils
Illissio[l, \lOy:III,Cl’s I)cdllil  [IIC[I ics arc
Colllill(lally  scIIl (() 11:11111  via a (clc]IIc.l Iy sij’,llal
I;i(liald  l)y its 40 wall  [Id[)s[lli[lcl. 11 will
lilkC  ci~,tll  110111S  ;t( [Ilc S])CC(I 01 Iif’,tll !01 [Ilc
si[’,l]al  [() IC:KII  ils (Ics(il)alioll,  l{:!l [1], d I)illiorl
IIlilc.s  a\tIay, [1})011  aII ii:(l, (IIC [c]cIIIcIIy

si[’,tl:ll is ]c(’civcxl I)y WI cxllci IIcly sc.llsilivc
~1, IOLIII(l (c)illlIll]l]ic;l[io[ls  sysIc III, NASA’S
lXX’]) S]);ICC  Nc(woIk  (I)SN), uticrc it i s
ICC OI(IC(I, {) IOCCSSNI,  aII(l SC III [() [IIC h4issio]l
ojr]:ilio]ls  aII(l Voy2f,cI l)rojc(l c]l{’,illwls,
Wtlo :l\scss ltlc  tlc;llltl  of IIlc S]m’cliifl  t)asc[l
011 II]c col]([:fl(s 01 ltlc si~l,[l:ll.

‘1’IIc (ylw 01 a(llvily just (Icsclil)cxl  OCCLIIS
daily fof (107.CI)S of’ dillclclll  N A S A
sl]xxc[af[  :i[I(l  [) I()]c.cIs  (Iia(  lIsr tt)c IJSN [()
C:ll)tulc  S])mclaf[ da(; l. ‘l IK)U[l, II dlc. ])1OCC.SS
of” sc.lldillj),  si[:llals  flotll a s]mccclaf  ’( [0 l[al[tl
is (OIIccl)[Ll;illy sillll)lc, ill lcilli[y  II ICIC :ilc
lIl;illy c:ir(llsidc  ctmllc[)p,cs (11:11 Inust I)c
d(l(llcssc.(1 I)c.iolc  a  s~)acccl;if  (’s si[:ila] is
ac(lui]c(l iill(l [laIlsf(MIIlcd iIl(() Uscflll
it]fol[lmlioll.

AJc[MvIk 1’1 (’I)(it  (ilio]i {il l}lC AIC1 \aiJ[)t’k

~)lwt  cilic)tl.v  <.’ollltl)l  C,’riltct-

‘1’1 Ic fll S( Stq) i]] a I)SN (rack is Gdlc.d
Nr(\voIk l’lc.])alatioll  arl(l  i( OC(’LIJS at :i CCI1[I:II
(’()] 111()! CC])[CI  fo[ (tic l)Shl jo(:t[~.(1 ;it J ] ’ ]  ,
uallrd IIIC. NcIw’oIk CJl)c.[:i[io[ls  (1011(101 {kII(c.I
(N(X:( ’). ‘1’tlc  ])lojc.ct  i[li[i:i(c.s  NctwoIk
I’iul)ala[iotl  I)y sclldilljl,  a IC.(lULS1 fol (I)c. IJSN
(() I]ack a  sI)accc[;if[ i[jvolvir]p, sj)cciflc
[Id(kill{),  scl vices. ‘1’tlC I)SN ICSj)[)ll(iS  (() (llC
Ir(jucst  I)y  at[ctl)l)tili{:  (() S(’tlC.(ill]C (Ilc
lrsolltc(’s  (i. e., ;111 :tll(ulllla  all(l otllcu  Sll; ilc.(i
c(lllil)ttwllt)  IICC.(IC(I foI IIIC [Iack,
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l’l~hl  hi{ ‘1’tlC. ‘1’CIIl])OIitl  I  k’1)(:11(1(’ll(’~

Nc’IwoIk (’I’IJN) kIIowlcxl~,c t)asc [ 9 ] [  10]
Sl(ll (’s it) f’or I)lalion {)[1 II]c. ‘1’l)N t)locks
av:~ilat)k fo[ !Im lXSN l)laIIIICI  WKI 1.M(XIA
(() lISC. ‘1’llis kl]owlcd~,c  l)asv illclu(ics
il)follllatioll” lcfyildil)~ prccO1l(li[iolls,”
I)os(coll(litiolls,”  (Iircclivcs, atId oltlc~ aslx’cls
o f  liIc ‘IIJN [)][)c.ks. 1 (  also illcludcs
il)follllaliol)”  01) tlow (0 cxlx~ll(l  111(.. t)lock
j);ilai]wtcls and ll:iinc itl{() {Iw ac[ual ffal[lk
cil[[y  ill a’1’l)N,

/;(///)}]}ctct/t  ~:())!jgl(r(~lio)l  -  ‘1’llis (Idails (tic
Iyl)cs o f  c(lui])mcnt  availat)lc.  ;iII(i urliquc
I(k’llllf’]cls  [() I)c USC(1  [ ( )  sl)c(:ify II](: cxa(l
I)i(((’s 01” c(lllil)lncl)l  to t)c llse(l  ii) IIlc Ila(k.
‘1’11(’sr  II IC’III(IL’  [tic alllmlla,  alltclllla  (’OII(IOIICI,”
(IIL>  1(’((i\{’1,  :11)(1  so 011.

4. AI< ’I’II:l(;l A1 , IN’1’l;l .1 ,IC;l;N(’l;
l)l.ANNIN(i’I’l  iCIINIQ[lliS

A l  l)l:ilillil)~, Icscadlcts  lIfivc (Icvclq)c.d
1111111  [’1 ()(1s a})])  loacllc.s  to lIK task  o f  COIIC(”I

:111(1  c. f’ficiclll  })lalllting. ‘1’wo ]n:ii]) ~])])  IOKtlCS

[() {’,cllcI:\tivc.  j)lal)l)itl~, ~ l-C. [)IJCI  (’I([J1”- /M[.Wi

l)l;IIIIIr  Is aIId IIie)rirc}ticfll ffI,\k  )If I)vo) k

(11’I’N)  l)l:tllIICIS. IJ1’1 <AN llsc.s  a
collll)il)dliol)” of 1)0111  (lIC.SC approach’s,
cx])loiti]l~  (Ilc a(lvaIItafws  of MC-11.

I1OIII 1  I’1’N aIId o~)cratol-t)awxl  })latllic.[s
ly~)ically  COIISIIUCI ])lal Is by scarrllii]~  ill a
])l:ill-sl)acc.. 110\vcvcI , tllcy d iffc [
collsi(iclal)ly  ill IIow Illcy Sca!(’t), 1 I’I’N
~)ldIIIIC.IS  sl)ccify l)]all Ino(liflcatior]s”  ill (cl[lls
of” flcxit)]c, IIicla[ct)ical  ard Ilto(l(tlal tAYk
lc(llic(ioll  ]UICS, WOI kinf~ il) it fol Ii’al (l-
cllail)in~,,  10]) down fashio[l. 111  Colltlaft,
ol)(’l;  tlo[” -I); ISC(I  ])lallllC.1’S Wol”k iIl il l):iC.k  W211d  -
cllail]itl~~  ln:~l)l]c], lakill~,  a f’,iv(’. tl ~,oal atl({
:lllcll)l)lill~, (() ICSOIVC. its l)l(uoll(li(iolls.”
ol)Cliltol-l  )~l\C(l” ])laI)Ilc.Is l)C.I [01 Ill all
Irdw)llillp, at IIIC lowest  Icvc.1 o f  al)s[[ac[io[l
alI(l j)rovidc a  slrict sc]]mlllics  foI dc.(ltlillj~,
()] IcIdl()I  (Ic.fitli(iolls.

Al] 11’I’N l)laJtItcI  [“/] USN [ask I(xiu(lioll Iulc,\
10 ({ccOIII])OSC”  at)s(l a(l p,oals into IOWCI Icvc.1
(;\ Sii S. 11”1’N  l)hlIIIICIS  Call  C.llC()(k  lIIal Iy (YI)CS
of i[)follllatioll”  into (ask Ic(luctiolls. IIy
(Icfitlillr,  ot II()( (Icflllirlp,  cc.l(di[l  [t.(luc(io[l
Icf’lllclll(’ills, (11(’ (Icsif’,licl (’;il) (Iilcc( IIlc

{)I:IIIIICI lowdl(ls l)ar(ictlla~  scale.tl  j)altls ill
[’L’I1;IIII  (’011 [( ’), [s. ‘1’tm Usc.1  ml a l s o  (Iilcctly
ltlfl~l(’i)c(” [Ilc l)lal)rlcl  t)y c.x~)lici(ly :I(ldillf:  arl
OI(ICI  irl~: co])slr:iir)t  01 goal j)lolcclio]]  lIM
1$’0111(1 110( s(lic(ly IX dCI ivcd f] oil] fioal
irllclacli(x) allalysc.s. Scarcll-corlt!ol
kIIowlc.(lfI,c (arI a l so  t)c. ctIcodcCi  t)y WI i(il]f,
cxl)lici[ ac[ioll  scqucIIccs [0 ad]icvc f,oals,
It)ctrl)y avoi(lil)fj Collsidcrat)lc  sc.alcl  I.

Ill [’olltlilfl,  all ol)c.l:  itol-l):lsc.(1”  ])lalmcl  [ 15][ I ]
IC:ISOIIS  al a  sill[’,lc.  Icvcl of at)stlactim  - -  (IIC
loi~(s(  l(\cl. Ac(iolls  ale. stlictly (Ic.fit]c.d ill
(CIIII( 01 I)lccol)(liliolls”  all(l  effects. l)lans alc
J) IL)(ILICC(I  II)lollf),ll  sut)goa]ill~!  al](j ~,():{1
Illl(>r;i(lioll  atlalysus, II) IIlis fldlllcwolk, a l l
1)1:!11 (’ollfllail)fs (i)lotc~ti~)]lsj  ol(l~lillot
(()(l[fl~’,ll:i{i()ll)  alc a (Iilcl( colKcqLNIcc o f
~I();tl ;I(IIICV(”  II ICII(S aII(l acti O1l j)lc.ml(iiliollt,
:III(! cflc(’(  af)alys is. ‘i’illls,  aIl  ()])cl:lt()l  -l):i$c(l
I)ldlll)cl  }’,(’lldly ilas a stlid sclnalltics
.fI,I()(llI(ic(i ill c.xl)licit  state Icj)t(’scll(atioll, i.e.

(Icf]])il]{’, uftlat  is all(l is IIOl true. ill a ])alticula!
\(:I(ts (01 I);ll(ial  s[alc.).

I )1’1 AN col]ll)i!)c.s  1)011] these two )nettlo(is,
cxj)lollill{:  II)c. a(ivarltagcs o f  c.aclI. AI  I

ol)cl; itor-t):\\c(i” ])lallllc) rcqu i I c.s a I i~,i(i
lcl)lcsr[llaliol)  wllicll  i s  bottl a s[lcl]p,tt)  aIKl  a
wc; ikII(:ss. I( is a(lvari{a~cmus  since i{ JIlOIC
cxl)lici[ly  (iilccls (IK klmwlcxlp,c.  c.ll~ilml  ill
ctwo(lirlf,  a {iolnaill. Yet, it call also make.
ccl(nil] asl)c.ds  of a l)lot)lc.in (ii fflcull  10
IC})ICSCIII. KrIowII o]dc.til~g  colls([ai[lts all(i
01)(’1 a[ol sc.quc.]]ccs call I)c difficult to cll(:()(ic
11’ (Iluy  CaIIIIO[ e a s i l y  tw. Icj)IcsclItc(i  iIl (c[IIls

()( j)lc’col](iitio  Ils alI(l effects. SUCII  collstl;  iil)ts
C; III :it I(i aic oflcil  folcc.(i l)y a(i(lillf,  “(illlt)lny’)
I)lccolldilioi)s, Ilowcvm t h i s  solulio]) cw)
c)l(CII  clt’alc a [Ilislcadil)f,  lel)lcs ci)(:ttiol). Al]
11’I’N j)iallllcI, ott ti]c oltn IIar](i,  allows, [lIc
cit\y Icl)lcsclltiitiol) o f  kl)ow[l 01 (lc.I illf,
cotlsl[ai]lls. IX)[llai[l  illfolllla(ioll”  i s  easily
lL’l)l L’scllkxi wililill  IIK 11’1’N flall~c.\vo]k
allowit]f  ’, llIc ca])at)ility o f  (ii[cdi[)p,  scalcl I
[Ill oll{’,11 cxl)lici(iy dc.flllcd olcic.lill[’,
colls[raillls  arI(i  [I,oal l)lotcc.tio[~s.

[Jsirl/\  a (olt~t)illa(iot~”  of I)otll  11’1’N  l)lallnitl~,
arI(i  ol)cI~i[OI-t)awxi”  l)l:illllillg allows  1 )1>1 .AN1
10 (ii[(’([ scawt) aII(i (Ic.f]nc. kIIowlc.Cific.  i[l a
[01) [jowl) fasl)io)], t)ul a l s o 10 (icfillr
kIIowlc(ljI,c  ill Itlc IIK)Ir S(1 uc([l  ILxi  o~)clatol
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((ICCOIII[)I  Nlc default lctcl]mll y-tl d
111s

(illi[ial~oals ((track-goal spat.cc[afl-h id  tclc.lImtl  y ‘!tl ack-i(l)))
Ills

(ncwgoals
((gl (~xrfor[I1-arltc.ili]a-cotlt[oIlcr-  cculflguta~ion  ?tl d-id))
(~? (cotlfigllrc-]l]ctric-data-assc.liil]ly  ?L[ack-id))
(S3 (] Ktfc)Illl-lllicIol\  ~avc-cc)lltloll  cl-c()llfl~,~tlati  c}ll ?tlack-id))
(g4 (]w.r-folill-rcccivcl-  corlfi~ulatic)ll  ?tl ack- id))
(f,5 (jwlfclljll-tclclt)c.tl  y-configut  Nioll ?[lack.  id))
(R6 (lllovc-at]tclllla-[o-~  )oil~t ?tlack-id))
(S7 (~wl-forjll-reCcivcl-calil)ra[iO1l  ?[lack-  id)))

Cx)l)slrait)ts
((bcfolc ~,1 g6)
(bcfoIc.  /?,-/ ~,3)
(bcfolc gfl ~’1))))

lrigul-c S - lkccnnpositicm  Iu]c fol tclcaldiy  tlack

(dcmInjH  ulc. corlfigllrc.-lcccii’cl  1
111s

(initialf,oa]s ((]wI-follll-I-ece.ivc.I-coI~fi?,lllati(>l,  ‘!tl ack- id)))
cmditions  ((C:~N-cc]lli})  ll]cIlt-assif,llll  lc.1}1 ‘h ack-id ‘!c.quil))

(ka  ?cquip 111 .CICK-lV-l{l’C:li  lVl i!<)))
111s

(nmvf,oals  ((corlfigtlrc-t)lmk-iv-x  ccciy)c.l  ?hack- id ?cqui]~))))

((hompl  LI]C CC)Ilfi~lJIC-rCGC.iVC12

t}ls
(initialgoals  ((lwrforil]-rrccivcr-collfiglllatic)]l  ?[lack-id)))
cxndtiom  ((~~N-cq~lilJII~  cilt-assigIlltlc]]t  ?tItick  - id ?cxluil))

(isa ‘!cquip 111 .C)CK-V-l<li(~l  {l Vlil<)))
111s

(ncwpjoals  ((c.ol~fif,llrc-t)lcwk-v-lcccjvcl  ?ttack-id  ?cquil)))))

(calih a[c-h allsl])iltcl
:I)al altlctcrs (?tfack-id)
:I)rccordi[ions  ((cxcitcl-collf  i~lltc.cl  ‘![1 ack- id)

(llliclo~~’avc-  cc~l]tlc)llc.l-cc)  llflf,tllc.cl  ‘?(I  d-i(i)
(tlallslllit[cl-collfi~lllc(l  ?[[ackid))

:cffcz(s (((trallslllitlcr-calit)l akd ?11 ack-i{i))))

l~igurr 7- Sclmma for c:a/i/))f41e-fr(  J)lLY/tliffcr  ~,oal

id tlm ]dallncr sdcds  tmothct  Jdall fro]n ttm Sol]lclil]lc.s  tlICIC  lt]ay  IX SCWIal difftmxlt
queue. (0 Wol”k 011. I u]cs tllal  CaII bc USC.(I  to dCCX)Inl)OSC t h e  SaIIIC

il]itial  goal. l;O[ ills[allcc,  ill tiacks  fol 7(hIl
alltCIIIl:iS,  tl)cIc  aIc.  scvc,[al  diffc[~llt  ll]ctllorls



foI colIflj:tll  ill~’, a  Icccivu dcl)ct)({i  Ilp,  011  tllc

lyj)c  o f  lcrciv(.1  I)cillp,  used. ‘1’()  Ic.plcsc[l(

IIICSC diff(.lc’1)1  Il)c(tlods,  (tmc wc sc,vclal
diff”c.lc.l)t Iulcs 11)21 cal I I)c uscci to dccoltymc
(t K I)ct:jom - trmivrr - configumlion, wllict I
~~l:ls  ;l~se,l[~(i  t)y [tl~,  fC,]CHl~C,tI-y  IUiC. it] l;i~,ulc

5 .  ‘1’hc  lulc.s  Iistcxi  ill l;if,ulc 6 slIow two
!mssil)lc.  ways  10 t)rc.ak down this goal. ‘1’IK
fllst lLllc slalcs Ihat if [Im culrcml ~,oal is 10
Collfl[’,ulc ltw ~ccc. ivcw, allci [lw lcr.e.ivc[
assi{’,llc(i 10 [Ilc anlc[)l)a [lack  i s  a lllwk-lV
Ic.ccive.l,  Ilwr] IItc. collf}p,lllalioll  lnc.tlmd  fol
lllock-l  V [ccc.iwvs  slloal(i be u s e d ‘1 ‘1 Ic
SCC(JII(I II]IC state.s a sil]lil;il  lIlc.ll Iod fol lllock-
\l 1~’.ccivcls, “1’bus ,  as  sllowll ill [Iwsc
cxallll)lc.s, (Iccottl])osiliol]  Iulc.s call lx uscxl (0
IIsl)Icsc  II[ I)ott) slm’iflc and ~,ct)ct:il  dolnaili
kllowlcd[’,c.

A[lollw] lyl)c of kim’lcdf;c  llSCXi  by lJ1’I,AN
i s  a  set of ac(ivi[y-?}oal  sctlclnas. ‘1’I1(X

SCtlcllla< (Ic. [im ltm l)aral  IKWIs  at]d IIlc

plc.coll(ii~ions  and c. ffects that mc associa[d
wiltl all ac[ivity-goai. A s  c.xplaincd  in
Scclioll 5 , ac[ivity-~jo:il  j)l-c,coll(litiolls  ald
C. ffrcls Cmlcslmll(l (() .Yf(lt(’-fyd.$ a n d  al~
tllallil)~ll:tlc(  lltllollf,tl  (J])ClatOl--t)aSC(l  I)lanllillg
Icctllliquc.s. A  saIIII)lc.  of atl adivity-~,oal
sctm]na  i s  slIowII irl l;if,u[c 8. “1’his Sclmlm
dcflllilioll stlows [Ilc assoeialcd  lmlalnc.tc.[s
and tlw l~lr.(.O1i(li[i(Jl~s  ald rffccts of tllc
(fllil)lfitc-lr  atl.rt)littfr  task. lia instamx,  [I]is
scl Ic.IIM Icfkds dm[ it i s  Ivxcssmy to

collfip,ulc ttm cxci[cr [wfmc caliha[inf, ttm
IIallslnittcl. Since. 1)1’l,AN ctnplcy  a
coll~t)illatioa  o f  o]xxatcd-l)ascci all(i 11’1’N
l)lallllill[’, tcct]lli(lLlc.s,  a varir.ty of kllowlcxif,c
ly]xs cali l)ccxl)loitcd  ty tlm ])laiIIIc.I.  ‘I”IIc,sc.
diff”clcill  ktlowl(..d~,c  foll]~ats allow do]lmill
kiiowlcxl~,c  to k IDOIC  natumlly  rc.j)lcsclltc(l
(I)all  i f  OIIly OIK folll)at  wcfc u{ilizc.(1.  liacll
follluit  a l l o w s  foI a  diffc.tclll  Iyl)c of
kllowld~,c cllcodil~~,. 1 :[)1 illstaim,
(iccollll)ositi(~ll” 1 L1]C.S a l l o w SOI tl IC

1(’.])lc.sclltt\lioI)  o f  al)stI  act lCVC.IS  of dolmill

Ot),jc(’ts all(l p,oals. Al!owin  j’, abstract
Icjj[csc.lll:ttiolls of ttlc.sc. itcxns, a l lows tlm
NSCI (0 Ic]HcscIIt  don~aill  illfollllatioll ill a
Il)olc.{  )l)jcct-ol  icIltc(l”  folI1l,  wllidl  i s  c.a<icu  t o
\vIi(c.  aII(i  [c.asol)  at)ou[. ‘1’llis  fi)Ill  M[ alS()
cot III il)lltcs to a II101C. ~>cmviil (Ioll):iill

kl)owlcdj’>r t)asc that  call  IK cff[cicxllly
(I[xlalr({  :111(I Illaill(aitlc(l.

(’OIIVCISCly,  [IIC ullllmlioll o f  r,oal sctmllms
and ()])clitt()l  -t):lsr(i l)lall[lill~: tcctl[)iqucs
:IIIC)WS  ccltaill  (f)tls[tdi[lt  i[lfollnatiol] to k
HN)ICS c;l(lly  c.xl)lcsscd  ill IIlc dolnain. 1 iol
i[lstall~c,  otdcilll~,  cmlstlai[]ts  IImt sic: (iac to
l)lccoll(li[ioll-cfi(.cl”  illlc[actiolls arc diledly
dc(illwd  (lu[ill~,  l)lallllill~,,  instead of lmvil]p,
10 I)c cxl]licilly  Iistc.d I)y tlm uscI. 111
]mlticul  a], ()[dclilly,  colls[[aill[s lt]a[ aJq]ly to
vc.ry s[m’iali7c.(i  ~’,oals, a s  Opposc(l  10 vcly
~,c.llcla!  OIICS, call  t)c llmrc.  casi]y c.xl Hcsscxl
tl)Iou\I,l I l)lrColl(lili(J1l/cffc.(1  sc.tlclllas,  [hall
ttllou[’,11 (1~’collll)osl[ic)tl”  [ulc.s. lio[ lIioIc
illfollll:ilioll” 011 ttlc advallta~,c.s al)(l
(iis:ltli’:i!lt;~j~,cs of ctll])loyin[: 11’I’N all(l
()[)c[:t[(~r-l):isctl  l)lalllli[l[’,  tc.cl)lliqucs foi this
lyl)cof(lolll:~irlscc” [4]

111 oldc[ to Ixf’,i[l (IK l)lalltlinp,  ])mccss,
1)1’I.AN i s  ])lovidcd wittl  a  l)loble]n
sl)cciflc:itioll II]a[ (wltaiils  scvmal l i s t s  o f
iufortll:i[loll. Sl)cLif’lcally,  cdl pmblcln
colltail)s  a Iisl of (Ic(ollll)osiliol] Seals, alml~,
wi~tl  l)ossit]lc  lists of initial  s t a t e  pdicatcs,

stalic sta[c  ~)[c(licatc.s,  aIId final  stale.

]) Ic.(lic;itcs. As:il  Ill)lcl)lOO1c.ll~  fotl)c.ifc)  ritlil)~

tc.lc.ll Ktly :il I(l lall~,itl~’,  witl) a ‘l(hn atltcl)[)a  i s
SIIOWII  ill l;i[~,(lrc  8.

“1’k i)lil-.slalf flcld slmific.s a  Iisl o f
I)lol)ositiollsttl  at:ilclll  lc.illtllcillitial  s[atc. of
[he ]) INIIIC1. I;OI ills[allcc,  a s  s h o w n  in ttm
al)ovc  p[ol)lclll, III(> cxcitcr  (Irivc  i s  assatlmi

to t)c off l)liol  to WIICII tlm tiack  is
l)clfo[lnc(l,  “1’IK .Yt(lli(-.flatc  flcld slmcifics a
l i s t  of  I)]olmiliotls tl]a[ alc a l w a y s  I1lIC
du[ill~,  [)lalltli[l~, (i. e., call  IICVC.I t)c (Iclctc(l),

aIl(l  is CO II II II OIIly”  usc.(i  to list qui])llmlt  tyj)CS
avail  at)lc [0 II)c tlack.  ‘Ilm dcm~q~~oals  flc.ld
t~ol(istl)c  list of l]oll(~l)c[:ttioll:il”  ~,oals ttlal alc
[0 Im bIokcII  dt)wll  iflto Iowc.1-lc.vc]  coals
tll[ou?,ll  tllc USC.(J(  IIccc)l]l])c)sitioll  Iulcs. ‘I”IK
fitlal-.Y/a/c f}cld ii a Iisl of ])lol)ositiolistllat
l]lust  Iw tluc ill Illc fllml l)lall. ‘1’llc  i)2il-sffJf  (~,
.vlati(-. v!alc all(l ,jtl(ll-.  $f(ir(’ fic.lds  al-c 1)01
IKXX’.ssaIy  fot statdald  l)lallm  o]matim,  atd
m IK left CItII)ty. IIowcm, tksc fidds  al~
vcly I)cllcfl(’lal fol illclcil$il)~, l)la[)IlcI

C. ffl(imlcy  t)y l)lovidill~,  cxtla dwnain
kIiolvlc(l[I,C.  olli(’i  illl)~l~s (o [tic lII:lI1lICI,



(( ICCOIII[)[lIO1)IC’111”  ‘1’1 ;1 ,1 JVf’/()
(iliil-sldlc  ((cxui[cr. [i,lj,c-[,1[  (rack  1 )

(Iiill~C-lIl[,(lC- of[ llii~k 1 )
([(:s(-[r:ill\l:l~,,l-{)f( Irack]  )))

(sla[ic-s[a(c
((( ’( ’N-ccl\ IIIIIIIcII[  ;I\SIXIIIIICII[  tIachl lm[[ill~,l)
(is:] l)s(lllI~,l ly[)c-il-[clcl[ ]ctly-s[li]]~,)
(( ’( ’NC(ILIII,IIICII[ a\\ I~,IIIIICiII  [Iack  I

Al’A- -/OIII)
(is:i Al ’A- -/ O III A l ’ A )

(( ’( ’N-cclLII[,IIIcII[  -:i\sI}I, IIIIIcIII  [IiIckl t)wl)
(isa l)\II  I !\VI<)

(( ’(”N~(lIIIl)IIILII[ iI\\I~,IIIII~IIt ([i{~kl ICCI)
(1s,, Iucl 1{1.(’)
( ( ’ ( ’N  ~,lUll)ll,L’,1[  iI\\I\IrIIIICIIl  [I,Icki u~cl)

(is:,  U} ICI (J(;( ’)))

((iccoIlll)p,() :ll\

(( I)CIIOII II. [)1, -L;II [I: IL’LI )

(llaci:-[’,odl  S[lw’lx’l<lf[-llack  lclclllclly tlilckl)

({ Iiick-~,cml  sl)acccfafl [I:IcI,  farip,if,~, lIackl )))

(f’llla-s(;i(c () ))

]rjl:,,,.~ ~ . l’IolJlcrIl  sl)cciflcitlioll  fol a
Ic.lc.l]lct[y al)(l  lal)p,illl’,  hack

I )1}1 .AN is cuilct)tly s[a(tc.(1  I)y cxccu[inp, tllc.
followi~lp, COImIIaIId  f[wl] Ilm LJNIX pImIIIpt:5

‘Jllc ])lot)lc]n-s(l  ill?, illjnlt  is a l)lol)lclll  lIal Ilc
(c.~. 3411~, 70111). WIIcII [t]is s[lillp,  is g,ivc.11,
Illc ])lallIlm will cxl)cd  10 fin(i (IK followil)r,
fllcs:

‘1 ‘1 Ic. “1 lII(X” files s])c.ciflc.s  (1K list of
(Iccol]ll)c)sit  io]l” I ulcs, (Ilc “fT,oals” fllc sl)cciflcs
(1IC list o f  ~,oal SCIICIII:IS  aIId tlIc “lMo1)” fllc
s])c.ciflc.s  (IIC lmtficllldi  ])mt)lclll  sl~ciflcaliml
(itlcludill~,  illitidl  sta(c, dccoIIIjI  ~,oalsj  c{c. ).
1)1’1 ,AN w i l l  ]MISC [IIC illfojlnatio]l  ill tlIe.sc.

fllc.s (usit)j:  (;NIJ 1001s” flex and 1)1s011)  illlo  a
US41)IC 1’01111. ‘Il)cli, usirl{: (tw :Ilp,olilllll)
illllo(l~lcc(l  ill Scc[iol) 5, 1)1’1 ,AN will
~,c.IKxatc. a l)latl (tlat successfully act)icvc.s  all
dc(w~)l/)xoals  al 1(1 al I y ./iIM1-.Yl(ilc f,oals listed
ill llm 1)101  )1(:]11  sl)ccifl(alioll,

A  fl]l:tl  [)1:111 cotl[aitls  a  laI}:C  aIII(NI III of
illfm inalioI], illcludi[l[:  a list o f  olsc[atiomd
~,oal IIaIIlCS (col[csl)oll(lirlil,”  to “1’IJN I)l(wks),
a list of oldc[ill~,  Collsllai[l[s  o\’c I tlmc p,oals,
alId a lis[ 01 alll)ol:iliolls”  (1):1( (Icsclil)c.  s t)ow
(Ilc l)lall was t)uilt  (i. (., wlI;  i( ILIICS  aIKi

ol)c.la(iol)s”  wc[c use.(l). (’LIIIct I[ly (lIc ])l:il  IIIc  I

outj)u[s  [Ilis itllolllli{[loll  III lIIC followiil~)”
~1’ii~. ‘1’tllrc 0 1 1 ( ] ) 1 1 [  fllcs iifc (’lr:t(r(l,  ii [Cxl

outJ)ut  f i l e ,  aII :Illllotaliotl”  IIIc, aII(l  a p)lal)tl-
itl])ul  f’Ilc. ‘1’11(  l~x[  OLII])LII Illc corl(tiills  a
~cx(ual  listi[)j’,  of t)lock\ ;III(I j):l]atllclcls  wllc.]c.
t)locks  :IIC Iislcd ill :1 coi[c(( ol(lcliil~,  ( i .  e . ,

I)locks ( l o  I]() \ioli\tc ally  ])1:111 ol(lclillp,
Colistldill(s). ‘1’tlc ;illilo[:i(io]l”  fllc colllaills a
lc.xtu:il list of arlllo(dlio[ls dcsclit)illp, (I]c lI1al].
‘1’lIC.  {’,liil)ll-itll)ul  fllc coll(di[ls d Iis( o f  Ikodc.
lIalIKX ar](l ol(lclillf’,  Cotis[laiiits,  \vtlictl  car] t)c
usc(i 10 co]lsliuc[ a ~!,liil)lli(:il  Icl)l(sc.r)tation  of
tlm l)lar], Scc l;i~,ulc  9 (OI aII cx:iIIIl)lc o f  a
])1:111 ~,cm.rakxl (a “1’1 )N) fol ii j)lot)lcl[)
S])ccifica[ioll  SLICII as ltlat  SIILJWII  ill l;if;u Ir. 9.

6. {:( IJ<RI;N’I’  S’I’A’I’[JS

‘1’tlC kIIOWIC.(lf~C l)~SC f’ol ttl(! ])liillllCI  Cllll Clltl
2SU])])OIIS  a l l  tt)c aII[r.I]IIa  (yl)cs  :\t ttm  1  XN .

All valid tyl)c.s of slmwIaf’f  lmsscs fol CXKII
alltcIllla (ypc :ilc. illll)lc[llc.ll[cxi ill lIIC
kllowlc(l~,c tmsc.

S})dccclaft l)asscs  il)cll]dc.  ltlc followill~,:

● lclfttlc(t:y  ‘I’clct Iw(Iy is a dow’llliIlk  wittl
[Ilc s])a(’c.cl;lf’f  Wllclc’ il)lollll:i[ioll is
Iclaycd f[olll [tic sl):mu[af  ’[ to IIIC 1 )SN
statioIl  011 caIll I.

● t(itlj;itl~ l<all~,illj’,  is a IIICIIKXI of fl[](lirl~’,
ttlc dista[m IW. [WC.CII  ttlc  SIMCCCI af[ aIId
It)c. calll  I wtlictl  Icx]uilcs [)(;III al I
aid  a dow’[llilik  to Ittc sjmcccIaft,

“ l;h(’cl)lill~[ [Ill’ ?()-IIIC’[(’[ alltcllll;l Wtllcll

Ill;ly 1)(’ [Ill: iw-ou(  Ill (11( Ilc;ll Ill[ul (,.



l;i~!l][x’  9- ‘1’crl)[)~)l:ll lh.l)(II(lcII(y  NcI\$OIk  101  .{1 M  II C;IIII \i’;t\,’  (;lii(l~  AI)(c’111):1  I’1( l’I:I(k (01
‘I’c’l  L’lll(’lly, (’ollllll ;lll(llllj!, ;111[1  1/:111:1111{! scl\’1(’L’\

● \ ’ / . / ) ’ /  \/)()/{ \l, lll l\ ’(’[\ !.011:” I]{lw’llll(’

lll[L’[  1( ’loll  lL’ll\ )  ll\L’\ (lll(litll~ (ll\l<lll[
\llil(’(” ol)](’(’l\ 111 ()[LI(I [() 1)(’il{)lr]}

L’L’l[(lll) ol)(’l; lll(lll\. \’1.l\l  ,\l)ol< ])lo\l(l  (’\
Illlollll<llloll” 0 1 1  (l IL” ~l):li”i’L’l(lll’\  ;l!)}!,,l  ;,,
[), )\l(loll l)>’ (10111:” \llllll ll,lll(’\)\l\

ol)\L’l\; lllol l\” 110111 [\\() \[,ll loll\ 01 [[IL’

\lLl(’(’(’lilf[, :1 []ll<l\;  ll , ,111(! [11( ’11 ;111

i)l)\L’l\<il  loll 01 [11(’ \l), i\ L>(’l(ll( ,lj,;\l[l I l l

\)l(l(’1  10 !I,lll)(’1 [Iolll)l(’1 (111[<1 llll\ (1<1[(1 l\
Ill(l) 11, ((1 [() ,1{[(1[1] 111, 1)( l\\ 1 0  l)l<l[l(ll\(l

[11(’ \l); l[’(’(’lilll IIlloll{’tl \lI<l(’L’ (() ll\

(1( ’\(lll:llli)Il

● \’I /;/ (/()(A \\)/( \/l,]]] (lock  \\]l(’ j,l\(,\

[1)(’ l l l \ l< l l l l ; l l )L ’o i l \  l)()\l[l()ll ()[ l\\() \(; illol]\

l(’l LIIl\[’ 10 ‘1 (] Ll:l\:ll I l l  01(!(’1 ((~ [1( ’lt’llllill(’

111[’ 1,1[[’ 01 (’11:111 {1(’ 01 II IL, (’lo[  ’l\\ ,1( [11(.  [\{()
[)$s \[illloll\

● I1(/( /(1 \( /(’)/[ (’ I  01 Ii((llo \(’l L’1l( ’(’,  [11(’
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illlc~lalion, aillicijxilcd i!) AU~ILISI ]$)y’j,
IJ1’1 AN will bc fully intcp,[atcd:  IIK’. All will
call It}c l)lanm:[  [0 Sc.lmak a ~ivcm  l)latl  afl(i
dlc[) C.xccll(c, IIlat pkm, filill~, o f f  (11(!
II(XXXWy scripts for tt]c ‘j’] )N b] OCk S. ‘1’t]is
w i l l  fllst bc (cs(cd ill ttm ailtctll)a  simulato[
cnvil onmul[ NKI [INM tcskd  at the (hldslonc,
Califmlia  lXN (kmq)lc.x.

‘/, I) ISCIISS1(lN
1[} this scctiml wc discuss SCVCMI  issue.s
rc]cvall( (O IIK I>SN ])lar]lm includill~,:
Conllml  ism) 10 allm[mtive. Inc(tlods of
aulol  nation, lcJmsc.lltat  ion fol
Ill:lillt:iill:il)ility,  j)lan  quality, ald Icl)lant]i[l?,.

Al] itnjmtmll aslm( of (t~c 1)1]1 .AN
Ic])lcsclita(ion is that it a l l o w s  fo~ tlatulal
mmdi(lf,  of at )st[ac(  obicc(s al)d lM occdufcs

(f?.~., I cmi vu Calitwa-lioll).  IIy dlowins
(lcr.{)l]]l)ositioI)” I ulcs to Ic.fc[ (0 fihs(lad
obic.ds,  ctlall~c.s  to 1 XN ]UOCXXIUIC.S il]volve
fc~’cl k[lowlcdge  b a s e  upda(cs IItalt if t}lc
km)wlc(j~,c  base ccmlaind a laf~c nutnbct  of
\,cIy sl)C.~ifl(;  I LI]C,S. ];O1 illstallcc,  a CIIaII[lc

Iclating  [0 a s]miflc  equipment  type .  IICd IK)(
affect more p,mmal domain  infol jnal  iml. If a
ncw [c~civcl  tyjw c a l l e d  a  111 .OCK-VI
rczc.ivm wcm added to tllc. IISN equipment
list, lllolcg,ctlclal  r~llcs,sllcl~ as tlwtcklnchy
J11]12SIIOWJI in Jii~urc6, would tIot need to be
Inoclificd.  l~lslcad,  only a fcw mom spcciflc
tulcs lmc.d k constiuctcd  o r  cxlitcd.  III IIlis
case., arlcw(:{\~{fi~(4 rc-rccci\~cl ru]c would bc
d(k(i (0 IIIC SC,( Of I’LI]C.S S] IOWII 111  ];l~,lll  C. ‘ / .

‘1’lmcfmc,  Illally  such clIaIIf,cs  w o u l d  catlsc
o n l y  a  fcw spc.cializd  t-ulcs (0 k c(cate41  0 1
upd:itc.(i  instcmi  ofcausinr,  l]ulmmus tulcs 10
bc. Inodific.d. livcl~  with tlm CLIII( IIt INN

~,():il k )  aut(~Inatc.  all  ‘1’l)N p,c.llclalioll,  (lIc.
l)lallilill~,  kl~owlc.(lg,rt)  asc]llllst Imcollstafltly
ulxiatcd and vctif’icd. l’kwc’]  II)OIC.  fymxal
iulc.s  a r c  clmJw.r to uldatc  an(j vcaify, ard
11111s  sul)lmrl IImC c.fficic.llt knowlcd~,c.  I)asc
[Ilaill(c[la[lcc.,

A!mtlmr  txmcfll  (o this type of [c.j)rcscllta[i[)I1
i s  ttlat  (Iolnaill  il)forlnatio[i  i s  II IOIC cfisily
1111(IC1 Stooci. IIy kcq)inr, dolnai[l details
sqmla(c ftolll  II IOIC jI,c.nc.lal  kIIOWlc Lip, c, il i s
casicl fol a  llsc.r (0 [Illdcrs(alld  tlic. fc,]lmal

;lsJ)c.cts  of all alllc.lllla  Ifack. l~oI CXalnp](:, 10
ulldc Is Ialld  (Ilc. fy![wal SIC.l)S of a lclcm(ly
()])crati()n, a uscl only lIas to view [tm Inail)
tc.lc.IIlcJIy  (Iack (lccc)tll~)c)si(io[l  rutc.  I f  IImIC
low-lcvc]  kllowlc(lj:(’.i s(lcsile.(l, sucli as IIOW
toc)Jkralcaj)aT(iclllal  I)icmof  c.quij)rncnt,  (I1c
uscrcou]d  tlm scarcll fm rlllcs  (tial ditdy
Im(aill (0 Itl;it  cquilnnc]lt  tylw.

OIIC ()~)[i()ll cx)llsidc]c(l  t)y I)SN })CISOIIIICI
w:ts t o  il]l])lcmmt  [lIc hi?,tm Icvcl o f  (Id
:iuto]natioll  t)y a tlicuardly of scril)ls. ‘1’lmjc.
would  [K sclil)(s fo[ f,mmal aclivilic. s, suctl
as (’:tlil)lalill~,  a lll(Kk V  Rc.ccivcl’ ill IIN
contcxl of a ralt~illfi  lIack, ‘J’l)is  sc]ij}lil}~
a])l)loach  call  t)c vicwd a s  silllilar  (0 (tic
11’I’N ])lal]lli~l~ aly)[oact), but with two kcy
difl’clc.llccs. l:ilst, the.rc. i s  [lo cx~)lici(
lcj)lc.scll(;lti  (~lloftt lccO1ltc.  xt” in wt]ich a sclil)[
will nc.ccssa[ily  achicvc  the goal. ‘1’tlc Sd of
situations ill wtlicl)  a script S is cxpcctc.d 10
wo]k is Ic~Hc.scll[cd  oll]y ill~plicitly  it) llK set
o f  sc[i})ts  wllicl]  ca l l  tllc  scli~)t  S . ‘1’tic!
illtct)(lc(l  covcxagc,  colldi(iolls,  e t c .  arc. no(
c.xl)lici(ly  Ic.}mxc.IItc-d  as the.y ate, ill 11’I’N
Illlcs. “1’lIC Sccolld diffcmlcc  i s  llJal Il]c
Plallnet allows a “call t)y goal” usage ill
o]matol-l)ascd I)la[l]li[lp,. III this way, the
plallncr  call  invoke  mutinc.s  (olmatofs)  I)y
the conditions it desires to acllicvc,  and the
plauncrw ill automatically detcd and rc.solve
illtclac(iolls with otlw[ adivi(ics. Not O1lly
doc.s tl]c I)lalmcr  lcj~rcse.i~t:itioll  a l l o w  fo[
cmo(lill~  of conditions ald assumptions of
WIICII ]Ml(iculat  activities atr a])l)loprifitc
(tlllouf>il col~ditiond  011 JI”I’N ILIICS  0 1
[JIC~OIK]ltiOllS  01] oj)cr-a[[)I-s),  it actk]al]y

qui[c.s  suet] dcfi[li(ions ii] oIdcI (o o]na(c
coIIcctly. ‘1’tmcfolc  it c]lcoulap,cs collect
(i(~lllllcl~(a(ioll  of opc.latio[ls  lcquilclllcllts  of
adivitics.

AIK)[ltcr o])(iorl collsidcrd by lXN
Olmal ions was tosi)np]y  c.nc.odc  clld-to-c[l(l
‘1’1 )Ns fOr C.ach of t~m sulqm td Co]nl)illations
of (Ilc. C1OSS j)loduct o f  sclvicc  Icqllcs(
colnt)i[la(io[) and cxluil)llvmt allocatioll,
llom’cl~c[,(lliso~)~i[)fl”  tjas sc,vcIal  (Irawt)acks.
l;i[st, a[[iculali[]?, :111 of tllc [“c.lcvmt
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kI1O\Vldjl,c ir) (Ills [01111:1(  C;III 1)( VCIy [c(IIOLIS
Ull(l  l)lollc.  (() Cllol. ‘1’I)L’ CXI)C1(  oll L’lii[C)lS,
wllilc  ~cllc.latil}{:  (tic. illi(ial  sc( of cI1(I-1() cll(i
‘1’IJNs said (I]at (Ilc.y oftcll foull(] i( (Iifflcult  [()
keel) a l ]  o f  (IK (Ii ffc.[c.n[  ‘1’I)Ns stlaij~ll(.
Sc.COlld,  (I]is lc.~)lc.scll(atjoll  is I]()( :ttllcll:{t)]c  I(}
lna. inkmancc.  If al] cquipllm]t  tyl)c  is a(kkxl
(JI cl]all~,c(l,  il Inust I)c. cllail~cd  ill C.VC.I y ‘1’1 )N
wt]ictl is lclcvfill(.  ‘1’hc kIlowlc(lp,c  lrl(aillill~,
10 It)c c.(luil)lllcil[  lyl)c if [10( ccl][ializ,c(l  ill a
sc( of l(llc.s 01 activity  (Icfl[lilioi}s  a s  ill (Ilc
l)lal]llill~,  Icl)l(:sc.ll(:iliol].

l<cj)lcsc.rl(illp,  ail(l lc:isol}illf,  alx)~it  l)liItI

Sit](C lll[.]$cl;
(]llilli[y  [1 l][lO][l”/] 118]  i s  iillo(tl  Cl

CX)IICCI II of I)SN olmta(iolls.”  ‘ L L .
of{c[l lllOIC (Ilall L)IIC COIICC(  ])lall fol ii

J]al[ictllnl  aIItCIIIIa  o]x[alioll,  it i s  illllm[[:itll
f’ol :ll]l:illr]illp,  sys(clll  [ot)c:it)lc  10 (m]qmc  a
sc( of flllal  ])l;i IIs usi[lp, LISC.I  idcl)[iflcd  ])l:i  II

qu:i]ily IIKMSIIICS. ‘1’tlclc  alc a  l)lllllt)cl  o f
(juali(y lllcastllcs d i a l  c a l l  t)c c]ll])tlasi7cd

dulinp,  ])la]lnin~, iwludin~  ])loducing IIKWC
[obusl,  flc.xiblc  aIId/01 cfflciclll  })laIIs. OIIC
ilI)])olkm(  qua]ily ~,oa] i s  [0 ]llillil]]iz,c  tlIc
(Jvclall ])larI  c.xccu[ioll  litnc. III }):i}[icula[,  [lIC
tilllc[o scll]~)  (j)]c-cdlit)latioll)  al](ilcsc[ (lm(-
calilJraiioIl)  IIIc. coIllllll]llicalio[ls” link C:III
Of(c.tl t)clc.dllccd.  l;or ins(ancc,  it carltakc u])
(otwoll  oLlis(o ]l~al)L}:illyI)  lc-calit)latc  alMN
Vomckl  at]lcn]ia col]lt]lllllic:ilic)rls  IiIlk fol
ccl(ail)  lyjm of Inissiol]. IIy usillf, a l)lar)
~,c.])clatc(l  I)y 1)1’l,AN,  [I]is [i]Im caI~ IN
Icxil]cc(l  [0 :i])l~loxil]l:itc.ly  30 ]]]illu(cs, WlICIC
ful(tm Icduc[io]ls in sol-up (il]lc  arc lirnilcxl
I)y l)tlysical  collstlaillls  of tl)c sl)l)sys(c.[lls
tt~clmclvc.  s, h4i11i11)i~,ill~  l)lal) c.xccutioll  (itllc
allows II1OIC data to tm rclu[llc.(t  lx] ol)r.la(ill~,
[illmfw [llcli[lk.

1)1:111  c.xcc(lliollt  illlcc:tl~ oftcll  tw si{~ilificalllly
Icxlllccxl by cxl)loi(illg ])alallcl ])iilll
[)ossil)ililics,  c.sJmially wtlc.lc  (IK C(JII(IOI (){”
]Ilultil)lc  s(lt)sys(cllls i s  il)volvcd, 1)1’1 AN
Cllllc.l)tlyi lsc.stt)cclitic:il  pa[tl  lcl)~,[t)of  n[)lal)
1 0  lIc.lp  icic(ltify  t)c[(m ])la[ls. (hitical  }m(tl
lcllp,(tl i s  c.alcula[c(l  usill~,  lilllc.  illfollllalioll”
a((acld  (o a ‘1’l)N t)lock, wt]ictl sjxxific. s (tic
ave. t:if,c lilnc. it sll(mld l a k e  10 c.xccuk IIlc
t)lock. IIy Colllj)iilil)~ clitical  l)altl Icll{:ltls  01”

Collll)C[lllf  ’, l)lilll  S, 1)1’1 .AN c:iII choose” ~i
tlif~,llly  c. f’(’lciclll flll:ll  1)1:111 Illa( will l~lovi(lc.  ii
Il]irlit]lal  Cxc.cu[iol)  [irllc.

Allottlcl  irl~lmtallt  II]MSUIC. of j)lan  q u a l i t y  i s
gc.[mdlity.  IIc .cause 01 (Ilc collsi(icrat)lc  c.lfol[
il}volvc.d  ir] p,c.llctali  I]g,, [Ilair][:{il)il]i:, all(l
[cf]llil]~,  ‘1’I)Ns, a sill~,lc.  ~cllc.]aliml  ‘1’1)14 i s
cllq)cl tllall  Illlll(ilcds  0 1  ttlollsaIl(is  o f
cxi~ritl)cll[-sl~cillc  ‘1’i)Ns. 101 cxallq)ic,,
ollc  of Illc Illissiol]s f’Ic(]ucl I[ly ]) CIfOIIIKYi  i]]
tile i)SN (Iotllaill  i s  calic(i  (I]c Kii-tvtl~(i
ArIte[)I]a  l’c.[forlnatlcc (KaA1’)  cximlillwl]t.
‘1’itc KaA1’ ‘1’i)fi Clll  IL’ll(ly ill O(illCC(i  is
collsi(icl~’(i a  f’,ctmalix(i “i’i)N sirlcc  it
IC’I)[L’SCIIIS  IIIC’ 111:![1>/ (Ii ffclcl][ ii~iiys [tl;l[ :1
KIIA1’  cxl)r[iltlrll( ~ii[l I)c CXCCII(C(I, “1’ilc
Sui)i)ol[ (ia[a (01 c):lcll  ]m(icu]ar  K;IAI’

Cx])clilllcll(  i(lcl][if”lcs  il i)al(i(ulal i):lttl  (Ill(lllp,i)
(I)c ‘i’i)hT. ‘1’llis  ])il[t] CaII CiI;III~,C  (icl)cll(iin~l
01} llIc. j)al(iculal IIiissioll Ic(iuilclnc.ills 111
iml(iclli:il,  IIlclc  is a(ia[acai)tLtIu  ioo~) i]] (I}c.
KaAl) ‘1’i)N (tla(  :t!lo\VS  (ia(a [() i)c. cal]hac(i
flolll  cillm aslal  01 a  I)ialic.(, thus lc.quilill?,
(ii ff’clcrlt ailtc.[ltl:i  II I(XICS. Ot]c cxllclil)mlll
]Ilay slm-ify ltmt (iala i)c ac(iui[c(l  f r o m  (IN
foflowillp, soulcc.s  ill sc(luc,tlcc:  s(a[i,  s(al?,
Stal 3. Wtlc.Icas allo(tlc[  c.xlw.li[nclll  ll]ay
s}~.cify (tla[  (Iala I)y acqui  Ic(l fIOIII:  s[aI 1 ,
I)la[lc.tl,  S(W 1, s(a12. ‘i’tlis  inorc ~,cncial ‘1’I)N
iK.ll)s  l)[ovi(ic fol ]IKMC cfficic.rl( kiIowic(ifI,c
ll)aillkimlm  silm only O]K ‘I”I)N Inust tw.
t]lai[llaillc.(i  fm tilist[ack.

lilcxit)ility  i s  anoti}er  asj)c.ct  o f  ])larl  q u a l i t y

(Ila[  lIas I)c.c.11  a  [cquiIclImlt  ill lhc l)SN
(iolnail~.  I;()] illstalwc, (tic sup]ml( (iata fol a
j)al(iclllal  c.xlmiriml}(  [ilay slmify  a par-ticulai-
J):~tt~tilI()l{  f}t]ttlc  "i`]) N,i)();vc.\rc.],  (i]c. ()})clat()l
Ilas ttle. f’lcxit)iiily  (o altcl  th i s  j)atll in Ic.al -
liil]c.  ‘1’ilcfll]al  I)la]) ]nus( tm flcxit)ic.  c. IIouj:i I
(0 tlarl(ilc  ttlcsc lcal-lifllc  ct]all~,cs,  Solll(:  o f
ttlc. ctl:lllf~,cs[tl<tl  [ilc O])cla(ol’  c a l l  Il)akc  to ttlc
‘i’l)N aTc ski})l)itlf, t)locks, (iclctifly,
Colllll)al](is  ill t)locks)  a(i(lill~)  comlllall(is ill
t)iocks, all(i c(iitill~, Iiltlc. tar,s ()]I I)iocks.  I I
Imy a l s o  t)c IIcccsstiry  (OI dcsilablc.)  fol m
O])c.l:i[ol”  [0 Icol(icl  i)locks. l;O1 cxarl)~)lc,
S[)IIIC  ‘1’I)N  l)loCkS ~iitl[lo( CXC.CLI(C.  i[) ])~I;iiici
(iuc to Ic.s(mrcc collflic(s. ‘1’iic ol(iclillc o f
SIIC]I [)]OCkS  CaII of(Cl)  affCC( 1)]:{11  (illaiily  oy
)llakilt~a  l)lali l[lom [ot)usl  or ll)ote  cfficic.llt,
(lciw[l(lill~~,oll  Iilc i)al(icular  a[l~clllia  ol)clalioll
:Ill(i Clllll’111  IIil(’k S(;11(1S. if’ :1 I)(’(l Cl” or(ic[illf!,
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i s  kIIow II [)[io[ (() ‘1’I)N ~’,c.[lc[a(i(~]], this
i[lf(}lll]:~lioll  c;lll I)c iilj)ul  10 lttc ])]:lllr]il]~
systcIII  w~tlictl  will il]collx)l;i[c  i[ irl(o (tic [llIal
‘1’IJN. I IOWC.VCI, (I IC.SC. OICICI i[~~’,  r(~]lstlai[]~s
Ilmy oflc.11 {x lxxl dclcIil]i[d :11 Illli[i[l]c  t)y
ttlc O])13HIOI .

‘J’}m]c.  aIc a!so SOII)C slaII(]aI(]  ‘]’1 JN b][KkS
that Jnay lx ir]scI  [cd into a ])lalI  at vw ious
[)oillts  (suclI a s  (ral~sl]]issio]]  Iatc (tlallgcs,
e t c . ) .  11 suclI  coIIlrIIaII(ls  :iIr c.xc.cu[cd  i[t [Ilc.
I]liddlc o f  wl i[lflcxil)lc  ]JlaII, i{ I}my 1101  bc
])ossil)l(  to Cx)l)lil)llc  cxcculIOII.  1  kpcldiI)g

01] 111(’ S[cl)s iflsclfc(l, }Ilccoll  (titiol)s,”
I)os[coIl({itio[  }s, ;ilI(i  (illlc l;lj~,s 01 ()(tlcl  l)locks
]lI:ly Imw]nc illvdli(l. l;ltxit)lc  lIl:~IIs dI:~(
:illow  fot ttm illscl(i(~ll  (Jf’ c(llllllI()[~  stcl)s
wllilc s(ill ]c(ail]illj~ Illcit ;Ily)llcal)ility  aIL:
~lcatly  Valllcd,

A  fl]]a! ])laI~ (l~lality  issL]c i s  IOI)USIIICSS,
l(ical]y, (IIC f]Ital  l)laII  lcprcscll(a(i(~[l  stlould
Iwcxlm:ssivc  c. IIouf,lI 10 l)lovi(ic  IOIMISIIIC.SS
{In(lcl  a  valicty  of silualio[ls;  IIowcvcr, :111

cxpmssiw rclmxcnta[ion  usu:illy illclrasc.s  m)

a]q)lica(io[]”s cmn])lc.xity  aIId of’tm Icsulls i]) a
l o s s  o f  ~,c.lmality.  ]n (IK I)SN :t~y]lic:itio[],
IIIc’J’I)N lcpIc.scnta[io[l  usc.d to lc.})lcsc.ilt  IIK
fltd plalI  has init ially bc.cII kcpl cxl IcIImly
si]lq]lc.,  rrlthou~l] it (1(Es illclu(]c  parallclisln.
A s  t h e .  iutricacic.s  of  pallic.ulw  aIl[CIIIIa
pIocduIc.s  Imamccvidm]t,  IIIOIC c.xl)tc.ssivc.
Icl)]csc.tltatior]s  Inay Ix Ic(luited. ~hnstluc.ls
such as loops,  Im(lic (in]c,, ml(i actions witt]
[cl 11])01  al Scq)c could t )C a(ldd.
Ill] foll[lllatcly,[  tlis]]lzty  cause ttmc[catiml  of
Vclys])cc.ific c.(~llstruc. [s tllal  :irc vcvy spcciflc
to a ccllairl tlack.  I;OI il)stallcc.,  irl tllc. Ka-
t):ill(i  AI) ICII]M  f’ClfOIIIMIKX
l)lal]l]jl)y, colls(luc.t  to lIaVC
Iilnc” collstmct,  wl]icl]  i s
actions iii a 100]) IIc.cd to {K
I)tc-sl)c.cific(l  tilm (Kculs,

thick, a useful
is a “lo(y) until
used Wtlcll  (Ilc.
c.xc.ct]tcd  ul]til  a
so fal, Sllct) a,,

COlls[lllc(  lltist)c.c.Il  (lccIIlc(l[ lccc.ss:iIyf  oI’O1lly”
OIIC ])ar(iculz~l kill(i  o f  aIIlmHIa  tIack, :ill(l
tlltls, Imy n o t  bc al)l)licdb]c ill o[tlu [racks.
IIy a(l(lill~  slIclI a  COIIS(ILIC(, tlw ]JI;III
[c.])[csc[ltti(i(~l](i(}cs  l)cco]l}cl  ]]olc.  flc. xil)lc”  211(1
lIlhy plovi(lc fo[ IImIC rol)ust  l)laIIs.
IIowcvr.r, sucl I aII a(l(ii(i(~ll  a l s o  i]lclcasrs
])]a[ll]ill~:  u>ll~l~lcxity. ‘1’llis Ila(lc-off IIIay lx
[mccss:ily ill OI(ICI to {Icllc[atc  l)la[ls tt]:i( alc
10]NISt C.lloll{:tl t(l I)c u(JIIcc(ly  cxrcutr(i  ill
s(lc’tl iI Valyil)?, aIICl  uOIIIIIIIC;  IIL’CI (ioll)ilil),

t<~’/)l~~tltli\ lg/{)t Atltctlllli lt{tci;,v

A t  tliC lC\lCl  (If lI:tck I~I~KC(iLIIC gcllclalioll
1)1’l,AN is also ic>.(]ui]d  to Icj)]:tII duliIi~,  tllc
(X)111  SC. of Iyl)ical alltclllla ()])cla(i()l)s.
lkl)la[lllirlp,  ocm[s  ill two ~,cmcval G3SCS.
l;ilst, soll]ctilms  aftc~ a  l)laII  lI:ts Ixr[l
gclmatcd} (}K objcclivcs  flmy cllwl~c.  (c.xactly
tllc  clla(l~ill~, ol)]cctivcs itclll ill tllc
t:ixm)olny). oftcll stlollly I)iiol  to 01 (lll[ill~,
a tfack a l)lo,jcd IIEiy sul)[nit  a tcqucst  to add
scf \’icc.s to a II ark. “1’!ICSC C(MICSIX)Jl(i t o

:I(i(iitiorlal  p,oals to Iw illcorlx)l:itcd  i[lt(> tlw
track l)larl. 111 tll(’ C:(SC of f:(ds :I(i[{cd Iwlo[c
tile tlack :Ict(lit!ly Ixl;itl:,,  IJi>l ,AN ~l({(fl[,~scs
(Ilis  ]) J()~)kIll  by H(kliJlj: tll(’s(’ ;~(j(]i(li)l~;~l
una(’tlicvcd  ~,oals  to tlw CUIIC’111  l)l;HI  ;III(J
ICSt:iJtill~, ttlC l)l:lftr]itl~:  IJl(x(’ss \iittl  [Ilis
sillj~lc  lMI(.111 l)l;ill. ‘1’l\is II K’[1)[)({ is

i[m)Il]~)lc.tc i;l ttm)]y bwausr It]r l)la JIIICI  IINiy
lIavc Ina(lc  clloicc.s  wl]icl]  :IIC i[lcotlq)atitlk
wilt] (lIc lIrw ~~oals. I IOWCVCI , rot Itlc
s~w.cific  s e t s  o f  ~oa!s :111(1 (I()[]lair]  Itlcorics
IC.]~tC(!  to ~ll[f21)JI:i o]n:i[io]ls IVC. lE{\w
c.xal]lird  wc Ilavc,  l)cc.11  :It)lc.  to usu cl]c(xli]l~~s
f o r  wl)ich  mII])lctcIIcss  IIas II()( I)CCII  a
problcIII.  IIut  ttlis  i s  aII afca o f  curIcllt  woIk.

III tllc. c a s e  of ~oals a(i(lc.(i  (Iulillg  t})c. actual
(lack,  wc lIa\7c  I)ot a(l(llr.ssc(l  this c a s e  -  il i s

all al Cdof (.’ll I”l C.Ilt work.

A n o t h e r  case.  foJ  rcplaflt]ing fm 1)1’I,AN is
duc to dy[la]nisln. Aftct a plan lMS I)cc])
p>c.rlcIa(c(f,  a block (])]:IJI Stq)) IJlay f a i l ,  a
l)iccc.  of c(jltil)]mllt  IIIay ICqui[c [cscttil]f, (due
to gcrlclal  lllllc.lid)ility), (M a  j)iccc o f
c.qui~~lne.1~1  IIwytm fail 01 k l) Ic-c II I1)[c(I  t)} a
t)i~,llcl ])Ii(Jlitytrack. III [tic c:isc.  of a silll])lc.
])]:IJI Stc]l  ffii!ll]’c  111’l,AN  Silnp]y c:i]]s fol Ic-
c.xccutioll of tllc I)lock. If a piux of
c.(lui[)]]]c]lt  Icqui(r.s  [csc(till~,,  lJI’l,AN Ilas
k[lOWICdf,c (lvsclit)ill~  wllicll  act]icvcd f,od]s
am ulIdorIc ard lcquilc  fc-cstal)lislll  tlcllt,
J) I’I,AN tlm) USC.S a [c.])laijl]i)~~,  tc.cllniqlw
[?.()] wllicll  Ic-usm ]xtrtsof  tllc oli~,irlal  ~)lall
as IIcccssary 10 Ic-acl]icvc  (Ilc uIIdoIIc.  ~,oals,
‘1’tlis  tc.cl]lli(l[lc.  (:ikc.s iidv:tI)la~,c  of tt]c fart tll:tt
tllc. (~lip,ili:il  l)larll)c~il]s f(oll] :1 st;i(~ Wllicil  is
(’(]lli  Vitl C.Ilt  to[c.sctti[l~,ali  of (llc. sllt)systC.JllS.

8 C: ON(;I,lISIONS”

‘1’l)is  ])dl)c(  lI:is dc.sc[it)~’(1  tllc  IJSN A[l(c[lr~a
ol)cr:t[iorl})” I’lallrlcr (1>1’1.AN) \\lli~l]



autmmtticdly fymlatcxl coII)]l]l]l]ic:tliol]s”
al~tc.lll]a  tl ackillg  l)] ZIIIS txtscxl  0 1 1  Ic.qucs[d
w vices ml czquiplncnt  allocation. I)I}l,AN
uses a knowledge, I)ase, of it)fol lnatimt  011
(lacking ac.tivitics a[d a  cxmlllilla(ion of
at(ificial intclligcmcw  hierarchical (ask Imtwol k
(1 I’1’N) and o~wator-basd  Plantlillg  II ICIIIO(IS
[0 jjymatc appropriate tlacking p]atls. Wc
IIavc also ctcscIibcd  ttlc  dC@YJIICtl[  St:~[llS  o f
tlm 1  J]’] ,AN systc]n and outli[d  alms o f
C.UI Imt work including rcjmc.scxll.a(ioll  aTI(l
Ic.asoliing  about P]all quality, lcl)lalllliIl~,  wl(i
1~’l~[c.sciltatiotl  to sujqmtl illailltail~:il)ility.
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